Objective: To establish an Inuit body mass index (BMI) norm from a healthy, not malnourished, pure Inuit population and to investigate the development of overweight in the Inuit in Greenland. Design: Longitudinal study with 35 years follow-up on overweight among Inuit in Greenland. Methods: The heights and weights of 97% of all inhabitants in Eastgreenland in 1963 (n ¼ 1852) were recovered recently and BMI calculated. We obtained similar data in 96% of the 50-69-yearold population in Eastgreenland in 1998 and in a random sample of 25% of individuals aged 50 -69 years in the capital Nuuk (n ¼ 535). Results: Overweight or obesity, as defined by the World Health Organization (WHO), was found in 30% of all men and 22% of all women in Eastgreenland in 1963, and in 31% of young Inuit hunters in 1963. Such high rates were incompatible with a hunter's way of living. Inuit-specific BMI norms from data on healthy Inuit aged 20-29 years in 1963 were computed: men, 20.2-27.9; women, 17.9 -27.7. These differed from the WHO classification (P , 0.001). Using the Inuit-specific BMI norm for the classification of 50 -69-year-old Inuit in 1963 and 1998, the fraction of overweight men increased by over six times (4.0 to 25.6%; P , 0.001), and overweight increased with Westernization (P ¼ 0.001). The fraction of overweight women by the Inuit BMI norm doubled from 1963 to 1998 (14.0 to 30.7%; P , 0.001) while median BMI remained unaltered (P ¼ 0.22) because the fraction of slim women more than doubled (3.5 to 9.0%; P , 0.001). Conclusion: A steep increase in the fraction of overweight Inuit men and women calls for intervention. Westernization predicted increased BMI. In women the increased number of obese people was accompanied by an increased fraction of slim people. This illustrates that transition can be modified and indicates that monitoring of populations in transition should observe gender differences. Finally, the historical data argue against the global applicability of the WHO delineation of normal BMI.
Introduction
Obesity associates with increased morbidity and premature mortality in most populations investigated (1) . A number of studies suggest a similar association between morbidity and obesity in Inuit, making obesity an important determinant of disease among circumpolar populations (2 -7) . Yet, a recent study found that the levels of association between obesity and metabolic risk factors were different in Inuit compared with Caucasians (8) . In previous Inuit studies obesity was defined by the World Health Organization (WHO) guidelines (9) . These were developed from data on Caucasian populations (1,9) but may not apply to people with different ethnicity.
The prevalence of obesity and overweight has risen sharply worldwide in the past decades (1, 10 -12) and a similar increase has been reported among Inuit in Alaska and Canada (13 -15) . In Greenland, the process of modernization accelerated around 1960 (16) with transition from a hunting society to a modern community. It has been suggested that Inuit are genetically prone to develop obesity (17, 18) because survival may have been higher among individuals with a high capacity for energy storage, building up of fat deposits (2, 5, 8) . However, a recent cross-sectional study of Greenland Inuit described decreasing overweight among women with Westernization (19) . Longitudinal data from Arctic populations may help to clarify such discrepancies, but they are scarce, and lacking for Greenland Inuit (1, 8) .
Recently, the original data sheets from an epidemiological study in 1962 -1964 of the population in Ammassalik in Eastgreenland were recovered (20, 21) . In 1998 we collected similar data in all Inuit in Eastgreenland aged 50 -69 years. This allowed for a follow-up study on overweight and obesity in an Inuit cohort which encompasses the first 35 years of Westernization of a pure hunting society. Furthermore, the historic data on young healthy Inuit were used to establish Inuit-specific body mass index (BMI) ranges, and to evaluate the development of supranormal BMI from an ethno-specific BMI norm in addition to the evaluation based on the WHO definition.
Subjects and methods
Littauer and colleagues conducted epidemiological studies in Greenland in 1962 through 1964. Prevalence of diabetes and charts of height and weight for children have been published previously (20, 21) including a description of methods. In brief, they investigated 96.9% of the whole population in three areas, including Ammassalik in Eastgreenland. All individuals were examined dressed in underclothes and stockings.
The original data charts from the investigation in Ammassalik (n ¼ 1852) were donated by the descendents of the late Jørgen Littauer. Charts contained a hand-written report on each individual. They were all intact and readable. Charts included year of birth, gender, a medical history and a physical examination with height in centimeters and weight in kilograms. Two persons were recorded as being dwarfs. Eight women were described as obese and 24 women aged 20 and above were denoted as pregnant.
In 1998 we investigated the population aged 50 -69 years living in the main town (Tasiilaq) and the four major settlements (Kuummiut, Kulusuk, Sermiligaaq, and Tiniteqilaaq) in Ammassalik district in Eastgreenland (Fig. 1) . Also, a random sample of 25% of the inhabitants aged 50 -69 years in the capital Nuuk in Westgreenland were invited (Table 1 ). In Nuuk, names and addresses were obtained from the hospital registration system. This had not been regularly updated and for the investigation in Ammassalik names and addresses were obtained from the National Civil Registration System, in which every person living in Denmark, the Faroe Islands and Greenland is registered. This included information on year of birth, gender, and place of living.
We measured height and weight. BMI was calculated as weight in kilograms divided by height in meters squared. Information regarding birthplace of the individual and of parents was obtained by an interview. Classification as Inuit required that the participant and both parents were born in Greenland.
Inuit-specific normal ranges for BMI were established for the 20 -29-year-old 1963 population (n ¼ 295).
The 13 pregnant women in that age group were excluded and no additional body-build abnormalities were described. Thus, the Inuit-specific BMI norm was computed as the 90% confidence interval of the gender-specific BMI distribution in this group.
Nonparametric tests were used to test for difference between two (Mann -Whitney U test) and more (Kruskal -Wallis test) groups, and to test for association between groups (Kendall's tau). Distributions were tested using Kolmogorov-Smirnov test, and t-test was used to compare mean BMI in young Inuit as these followed the normal distribution. Homogeneity of variance was tested using Bartlett's test and fractions of overweight were compared using the chi-square test. A P value of less than 0.05 was considered significant.
Ethical approval by the Commission for Scientific Research in Greenland was obtained prior to the commencement of the 1998 study and all subjects gave informed written consent in Danish or Greenlandic by participant choice. 
Results
A participation rate of 96.9% was reported from 1963 (20) and it was 95.4% in 1998 (Table 1 ).
Overweight and obesity by the WHO definition
Overall, 29.1% of Inuit men and 17.3% of Inuit women aged 20 and above in 1963 were overweight (BMI 25 -30) and 0.6% men and 4.5% women were obese (BMI . 30). Table 2 describes the fractions of slim, normal, overweight and obese Inuit men and women aged 50 -69 years in each participant group according to the WHO definition. In 1963, 20.0% of men and 26.3% of women in that age group had a BMI above 25. In 1998 these figures were 47.5 and 39.2% respectively.
Among 20 -29-year-old healthy Inuit hunters in 1963, 31% had a BMI above 25, rendering them overweight by the WHO definition. As discussed below, such high prevalences of supranormal BMI were incompatible with the living conditions of Inuit hunters in Eastgreenland 40 years ago and thus supports the delineation of an ethno-specific optimal BMI for Inuit.
Inuit-specific BMI norm
The distributions of BMI among men and women aged 20 -29 years in 1963 were narrow and symmetrical (Fig. 2) . In women, the distribution tended to be positively skewed (kurtosis 0.64), but this was not statistically significant (P Normal distribution ¼ 0.28 in women; 0.73 in men). Thus, Inuit-specific BMI norms were computed as 90% confidence intervals for BMI in the healthy 20 -29-year-old 1963 Inuit population. BMI differed between genders (mean, P , 0.001; variance, P , 0.001) and the normative values were stratified by gender. Thus calculated, Inuit-specific BMI norms were 20.2-27.9 for men and 17.9 -27.7 for women.
Overweight and obesity in 50 -69-year-old Inuit in 1963
By the Inuit-specific BMI norm, 4.0% of men and 14.0% of women aged 50 -69 years in 1963 were classified as overweight (Fig. 3) . If obesity was classified as five BMI units above the upper limit of the 1963 norm, only two women (3.3%) and no men aged 50 -69 years were obese.
Changes in body proportions in 50 -69-yearold Inuit over 35 years in transition Height in settlements in 1998 was similar to height in 1963 but increased with urbanization (Kendall's tau, P , 0.001 for both genders; Table 3 ). So did weight in both men and women (P , 0.001) and BMI in men (P , 0.001). In contrast, median BMI remained unaltered in women (P change ¼ 0.22; Table 3 , Fig. 3) .
Changes in BMI distribution in men and women from 1963 to 1998 are illustrated in Fig. 3 . The fraction of overweight, as defined by the Inuit BMI norm, increased from 4.0 to 25.6% in men (P , 0.001) and from 14.0 to 30.7% in women (P , 0.001). The fraction of slim men (BMI , 20.2) was unaltered (P . 0.5) but more than doubled in women (BMI , 17.9) from 3.5 to 9.0% (P , 0.001). Thus the cohort of men became more obese, while the cohort of women became both more obese and more slim (Fig. 3) . The fraction of overweight men increased with urbanization (P ¼ 0.001), reaching 33.3% in Inuit men in the capital Nuuk evaluated by the Inuit norm (Fig. 4) and 56 .2% by the WHO definition (BMI . 25).
Discussion
Previous estimates of overweight and obesity among Inuit were based on the WHO definition (8, 13 -15, 19) which was developed from data on Caucasians. However, Inuit body build differs from that of Caucasians in that Inuit have larger torsos and shorter limbs (22, 23) , causing a higher BMI for the same degree of body fat. This is consistent with the finding that the degree of metabolic disturbances is lower at the same BMI in Inuit compared with Caucasians (8) .
In keeping with this, the WHO definition of overweight and obesity may not apply to Asian populations (24), with whom the Inuit are related (16) . In men, more became obese and median BMI increased (both P , 0.001). In women, more became obese (P , 0.001) but median BMI was unaltered because this coincided with more women becoming slim (P , 0.001).
We found that the WHO definition classified many young Inuit in 1963 as overweight. In 1963, Inuit lived a physically very active life depending on hunting and fishing (16) . Excessive food intake was limited to short periods after successful hunting followed by periods of food shortage. Also, obesity was a severe drawback when hunting. Thus, obesity was not feasible among male hunters and unlikely among young female Inuit in Eastgreenland in 1963, rendering the obesity rates in 1963 Inuit by the WHO definition unrealistic.
The assessment of the optimal BMI for a population may be done in two ways. One way is to determine the BMI that causes disease. This is probably the most relevant but is a rather cumbersome way. An alternative is to identify a healthy, well-nourished population and estimate an average BMI norm from this population. This could subsequently be related to predisposition to disease.
Access to Greenland was under restrictions by the Danish authorities until around 1960 but trading posts, to avoid periods of famine, and healthcare were well established in 1963. Hence, the population in Eastgreenland in 1963 was not malnourished. The data from 1963 allowed us to exclude individuals with conditions affecting body build. Thus, the BMI norm for the Inuit population calculated from data on a generally healthy population of young Inuit in 1963 was reliable. Still, our delineation of Inuit-specific normal BMI was mathematical and the limits should be subject to further evaluation.
Westernization has occurred at different paces in different parts of Greenland (16) . Today, Inuit in the capital Nuuk have the most Westernized way of living and Inuit in settlements the least, with Inuit in towns being intermediate in their Westernization. These groups were used to analyze the relation between Westernization and overweight and obesity in Greenland Inuit. The historic data allowed for comparison with the original pure Inuit hunting society.
It was not possible to validate data collection in 1963. However, the data collected in 1963 and 1998 were unequivocal with very little risk of inter-observer variability and with no systematic change in calibration. Also, similar and high participation rates in both 1963 and 1998 improve the precision of the estimates made. These factors support the validity of the comparison.
BMI has limitations in evaluation of body fat. It does not distinguish android obesity from the less-dangerous gynoid fat distribution. Also, skinfold thickness and waist/hip ratio and waist circumference may have advantages in describing obesity and risk of disease (1). However, BMI was used for comparison over time and the uncertainty related to the use of BMI was similar in 1963 and 1998. If uncertainty is similar between data collections it evens out in the comparison. Also, pregnant women and Inuit with disabilities affecting height were excluded. Thus, BMI was a reliable parameter for describing development of overweight in Inuit.
The developmental trends were diverse in men and women. In both genders the fraction of Inuit with a normal BMI decreased. Among men, median BMI shifted towards higher values and the prevalence of overweight increased steeply. This associated with Westernization, in keeping with findings in other indigenous populations (13, 14, 25) . Interestingly, the prevalence of overweight Inuit women increased but the median BMI remained unaltered. This was due to an increased fraction of slim women. This diverse pattern could be part of the explanation for the recent finding of decreasing overweight with Westernization among Greenland Inuit women (19) . The gender-specific changes in BMI emphasize the importance of contemplating gender differences when monitoring of indigenous populations in transition. Overweight in Greenland Inuit associates with increased prevalence of type 2 diabetes (2) as in other populations and there is a need for preventive measures to influence dietary habits, physical activity, and possibly other factors (26) in Westernized Inuit. Our finding of an increased number of slim Inuit women with Westernization, women who have adapted the western idea of beauty (27) , illustrates that it is indeed possible to modify the behaviour of Greenland Inuit.
In conclusion, we found a steep increase in overweight and obesity among Inuit in Greenland which calls for attention, and preventive measures are recommended. These measures should be aimed at groups that are at risk such as Westernized Inuit in cities. Our data demonstrate that developmental trends can be modified but that a gender-specific approach may be necessary. The diverse development in BMI indicates that monitoring of indigenous populations in transition should observe gender differences. Finally, the historic data argue against the global applicability of the WHO definition of normal BMI.
